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Lemaire and Thiodet (1926) noted that the intradermal injection of hydatid 
fluid sometimes gave pseudo-positive reactions in patients who were sensitive to 
peptone, but in whom there was no hydatid infestation, and claim that they have 
been able to eliminate this source of error by dialyzing hydatid fluid in the 
cold against distilled water in membranes made from goldbeater’s skin coated 
with flexible collodion. The dialysate after nine hours gave the diagnostic wheal 
in cases of hydatid infestation, but contained no recognizable particles when 
examined with the ultra-microscope. 

In a later communication, Lemaire, Thiodet and Derrien (1926) stated that 
they were unable to detect the presence of protein coagulable by heat in these 
dialysates, but that the active substance present was thermostable, and precipi- 
tated by aleohol, the precipitate being soluble in distilled water. Ninhydrin, 
but never biuret, reactions were recorded with the dialvsates. They concluded, 
therefore, that the filterable hydatid substance responsible for the Casoni reaction 
Was not a protein, but a toxic polypeptide, 

In a previous communication by Kellaway (1928) pyroxylin membranes 
impermeable to the substances in hydatid fluid, which produce sensitiveness 
When injected into guinea-pigs, were used to concentrate hydatid fluid for 
anaphylactic experiments. In the present paper we have shown that similar 
membranes do not permit the passage of the substance or substances which are 
responsible for the intradermal reaction in patients with hydatid infestation, 
nor of those whieh fix complement in the presence of sera containing specific 
immune bodies. Lemaire and his colleagues give no data concerning the relative 
volume of distilled water and hydatid fluid used in their dialysis experiments 
nor do they appear to have subjected their membranes to rigid tests under 
pressure to exclude small leaks. The chemical criteria which they apply are 
insufficient to exclude the presence in their dialysates either of host protein or of 
protein of parasitic origin in quantity sufficient to be detected by biological tests. 

Though any form of filtration materially diminishes both the antigenic 
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properties of hydatid fiuid and the amount of protein present in it, we ha 
sueceeded in preparing more permeable membranes which under modera 
pressure are almost impermeable to the proteins of sheep serum, but permit t! 
passage of small amounts of the substance or substances in hydatid fluid whi 
are responsible for complement fixation with immune sera, for positive skin tes 
in sensitive patients, and for anaphylactic sensitization of guinea-pigs. 

The evidence we present, therefore, demonstrates that the active substane 
in these various immunological reactions. though they have large molecules, a: 
more diffusible than the proteins or protein complexes of the serum of the hos: 
Whether one or several different substances react in the skin test, in compleme) 
fixation, and in anaphylactie experiments remains an open question. 

In the experimental work shortly to be deseribed the filtration an 
anaphylactic experiments have been carried out by C.H.K., the complemen 
fixation reactions, the Casoni tests, and the collection of hydatid material by 


N.HLF. and F.E.W. 


METHODS. 
1. Filtration. 


The permeability of membranes made from pyroxylin depends upon the 
strength of the solution used, the temperature at which it is poured, the time 
allowed for drying, the concentration of aleohol in which the membrane is 
immersed, the time for which it is immersed. and finally upon the pressure under 
which filtration is carried out. 

The membranes used in these experiments were made by Adair’s method 
(1925),:and were graded, using only some of these variables. Pyroxylin 3-59, 
in 99-9% aleohol one part, and pure dry ether three parts, was used throughout. 
In pouring, the intervals between the layers were never less than three nor more 
than six minutes. Ten to thirty minutes were allowed for the final drying. For 
variation in permeability we chiefly relied on altering the strength of the 
aleohol and the time for which the membrane was immersed in it. Aleohol of 
various strengths was made up by volume from 99-9% ethyl aleohol. The 
vessels containing the membranes when immersed in aleohol were covered to 
limit evaporation, and after being once used the aleohol was disearded. The 
filtration pressures did not exceed 310 mm. of Hg., usually falling to 260 mm. 
in the course of twelve hours. All the membranes were carefully tested. For 
the less permeable a 1% solution of soluble starch was used and if the ultra- 
filtrate gave a blue colour with iodine the membrane was discarded. The more 
permeable membranes were tested with undiluted sheep serum under the same 
pressure as that which was later used with hydatid fluid. 

The ultra-filtrates, both from the sheep serum used for testing and from 
the hydatid fluid itself, were tested chemically for protein by Mr. H. F. Holden, 
using heat and acetic acid after half saturation with ammonium sulphate, nitric 
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acid, precipitation with sulphosalicylic acid, picrie acid (Esbach’s reagent), 
richloracetie acid, and the more delicate Spiegler’s reagent. The ability to form 
haemochromogen in the presence of caustic alkali and reduced haematin was 
also tested. 

Mr. H. F. Holden has also investigated for us the relative sensitiveness of 
he various tests used, estimating this in dilutions of ox serum. The boiling 
iest gave a faint definite turbidity if 1 cem. of solution contained not less than 
(2 mgm. protein and if an equal quantity of saturated ammonium sulphate were 
added before boiling. The biuret reaction was positive with solutions containing 
1 mgm. per cem. The nitrie acid ring test and precipitation with trichlor- 
acetic, sulphosalievlie acid, and phosphotungstie acid in normal sulphurie acid 
deteet the presence of 0-1 mgm. of protein per cem., but not 0.05 mgm. 
Esbach’s reagent detects only 0-2 mgm. per cem. 

Spiegler’s reagent gives faint positive results in concentrations of protein 
down to 0-01 mgm. per cem. This test is also positive with certain sulphur 
containing compounds, e.g., glutathione. This is of importance, as some samples 
of hydatid fluid give positive reactions for —SH _ groups. 

The formation of more or less dissociable compounds with reduced haematin 
in the presence of caustic alkali occurs with many nitrogenous substances, notably 
with certain proteins and amines, the least dissociable compounds being formed 
with denatured serum proteins and denatured globin. The haemochromogen 
test is positive using 40% NaOH and NasS.O, when the solution contains 
0-01 mgm. of protein per cem. Histamine gives the reaction at a concentration 
of 0-1 mgm. per cem., but the presence of such an amine is easily exeluded by 
pharmacological tests. The presence of Ca++ causes haemochromogen to aggre- 
gate rapidly and destroys its characteristic absorption. For this reason the test 
for hydatid fluids must be done fairly rapidly. 


2. Anaphylactic experiments. 


In these virgin female guinea-pigs, weighing 90 gms. to 130 e@ms., were used 
and were allowed to remain with their mothers for at least a week after the 
sensitizing injection. The ultra-filtrates, except where otherwise stated, were 
to 
2-0 to 4-0 cem. After the lapse of nineteen to twenty-three days the animals 


‘ 


injected subeutaneously in doses of 15 cem., concentrated in vacuo at 37°C. 


were killed, and their uteri, without perfusion, were tested by the method of 
Dale and Laidlaw (1912). The Ringer bath, 120 cem. in volume, except in 
those experiments where mention of a smaller one is made, was placed in an 
electrically regulated thermostat constant to 1/10°C. at 37°C. The Ringer 
used was that advised by Dale (1913). except that it contained no glucose. It 
was first brought to a p.H. of 7-4 by bubbling CO. through it, and maintained 
at that p.H. by passing the oxygen which was supplied to it through a washing 
tower in the thermostat, which contained a mixture of phosphates and 
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bicarbonate (Kellaway, 1928). The lever was of the Sherrington pattern, an 
was almost balanced, so that there was but little tension on the plain muscle. 

The hydatid fluid used for testing was always free from pharmacologic: 
activity in the dose used, and its ‘‘antigenic’’ activity was demonstrated upo 
the plain muscle of guinea-pigs sensitized by the injection of 4+ cem. of the resid 
of the hydatid fluid left in the filter. Sinee the hydatid fluid used was in a 
cases derived from cysts in sheep, and since it contained host protein, sensitiv: 
uteri were first tested, and if necessary desensitized with sheep serum befor 
adding hydatid fluid to the bath. For this purpose doses varying from 0-2 cen 
to 1-0 cem. of serum were used. The Ringer in the bath was changed after eac! 
response. The extent of the contractions observed was estimated in terms 0! 
the reaction to 0-005 mem. of histamine. All the glassware used in. thes 
experiments was cleaned with hot concentrated sulphurie acid and bichromate 
of potassium, in order to avoid contamination with traces of protein. Syringes 
for injection were washed many times with distilled water, and boiled for halt 
an hour before use. 


3. Complement fixation. 


The technique adopted was similar to that already deseribed in’ previous 
publications (Fairley, 1925). In the preliminary titration the minimum haemo 
lytic dose (M.H.D.) of complement and the anti-complementary Cose of the 
various antigens were determined. The latter were also examined for haemo 
Ivtie tendeney. 

In the final test the complement fixing power of the original hydatid fluid, 
the ultra-filtrate, and the residue from the filter restored with saline to its former 
volume, were compared in the presence of different sera, some of which con 
tained hydatid immune body. <A series of tubes were used for each serum under 
investigation, the quantity of complement varying in an ascending series of from 
two to forty M.H.D.s. contained in unit volumes. In addition each tube of the 
series contained unit volumes of the ‘‘antigens’’ tested, of saline (0°85% ) and 
of heated decomplemented serum (1/5). The usual serum controls for anti- 
complementary tendency were included. After ineubation for one hour at 
37°C. unit volume of sensitized sheep corpuscles (3%) was added. Final 
readings were made when all controls, including the known negative sera, had 
satisfactorily haemolyzed, the antigenic capacity of the ultra-filtrates, residue, 
and original hydatid fluid being estimated in terms of the number of units of 
complement fixed in the presenee of positive hydatid sera. The amount o 
complement fixation with normal sera does not exceed 2 M.H.D.s., whereas as 


much as 80 M.H.D.s. may be fixed when the sera contain large amounts 6 


hydatid immune body. 

Positive sera were obtained, either from known human eases of hydatid 
recently admitted to hospital for surgical treatment, or from goats which had 
received repeated intravenous and subeutaneous injections of hydatid fluid 














HYDATID “ANTIGENS” 193 


derived from liver and lung cysts of pigs. In this way high titre sera were 


available for testing the complement fixing properties of weak antigens. 


Intra-dermal Tests. 

In performing skin tests for hypersensitiveness to hydatid antigen constantly 
ive and sometimes six different fluids were employed on each patient. They 
consisted of : 

(1) The original hydatid fluid filtered through a Seitz filter, utilizing 

special asbestos dises to prevent the passage of micro-organisms. 

(2) The original hydatid fluid sterilized by heat; this was not always 
utilized. 

(3) The residue from the filter rediluted to its original volume with 
saline and sterilized by heat. 

(4) The ultra-filtrate. 

9) Sheep’s serum diluted one in one thousand with saline and sterilized 
by filtration through a Seitz filter. 


(6) Physiological saline sterilized by heat. 


The last-named fluids (Nos. 5 and 6) were used as controls. Sheep serum 
was employed because we have recently found that a patient who is not infested 
with hydatid, but who is sensitive to sheep serum, may react intensely to sheep 
hydatid fluid, owing to its content in sheep serum protein. Saline, on the other 
hand, is used to detect abnormal cutaneous reactivity to the mechanical effects 
of the injection of a given volume of isotonic fluid. Four minums of each fluid 
were injected intra-dermally, a small wheal always resulting. Negative firidings 
were characterized by only slight increase in its size, whereas in positive cases 
the wheal thickened and rapidly enlarged, extending outwards, with the pro- 
duction of pseudopodia-like outrunners and a surrounding zone of erythema of 
variable dimensions. Delayed reactions also occurred, but for purposes of the 
present investigation we have confined our observations to the primary wheai., 
according to the dimensions of which the various reactions were graded. Thus 
when the primary wheal exceeded 1 inch in diameter the result was recorded 
as +++. if greater than ? inch but less than 1 inch as ++, and between 
} inch and ? inch as +. Wheals less than } inch in diameter were recorded as 


negative. 
RESULTS. 
1. Experiments with Membranes Impermeable to Specific Hydatid Antigen. 

In these two membranes were used. The first was prepared at 21°C. by 
pouring six successive layers of pyroxylin solution at five-minute intervals, 
allowing thirty minutes for the final drying before immersion in 50% spirit for 
twelve hours. It was tested by filtering a 1% solution of soluble starch through 
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it at a pressure of 300 mm. He. The ultra-filtrate obtained during forty-eig 
hours contained erythrodextrins but no unaltered starch. This membrane \ 
used for experiments 1, 2, and 3. The second membrane was made in the sa: 
manner, but was immersed for twelve hours in 65% instead of 50% alcohol. 
was used in experiment 4. 

EXPERIMENT 1. 
Complement firation tests. 

Hydatid fluid (50 cem.), derived from sheep lung cysts, was put up in th 
membrane on 15/9/21 at a pressure of 300 mm. He., and the ultra-filtrate an 
the residue in the filter were examined after twenty-four hours by complemeti 
fixation, being tested against three sera with a high titre of antibody and tw 
known negative sera. These sera were also tested with the original hydatid fluid 

Experiment 1. Complement Firation Reaction. 


M.H.Ds. of complement fixation. 


Fluid under Serum | Serum 2 Serum 3 Serum 4 Serum 5 

investigation (Hydatid) (Hydatid) (Hydatid) (Normal) (Normal 
Original fluid (unheated) a. 95. 2%. l. ‘. 
Filter residue (re-diluted ) 9. 12 Zo. Bs 1. 
CIGPM-MTOLE 2. 6 ee oe 1. ]. f. i. l 


Causoni reactions. 

Intradermal tests were also made on three cases of hydatid, utilizing the 
above-mentioned antigens, but to ensure its sterility the original hydatid fluid 
was filtered through a Seitz filter (No. 3) before use. The results are epitomized 
‘in the following table: 


Experiment 1. Casoni Reaction. 


Fluid under investigation Case 1 Case 2 Case 3 
Original hydatid fluid .. .. ++ ++4 + +4 
Filter residue (re-diluted) .. ++ ++4 $+ + + 
Sp | re + ++ 0 


Anaphylactic tests. 

On 20/9/27 a further 50 cem. of the same hydatid fluid was put up at 
300 mm. Hg. pressure for twenty-four hours, and the ultra-filtrate (30 cem. 
and the residue left in the filter were each used to sensitize a pair of guinea-pigs, 
whose plain muscle was tested nineteen and twenty-three days later. The plain 
musele of the animals sensitized with the residue (in a dose of 4-0 cems.) gave 
maximal reactions with 0-02 cem. sheep serum, and after desensitization with 
successive amounts of from 0-2 cem. to 0-5 cem., reacted maximally to 2-0 cem. 
of hydatid fluid, being desensitized completely by three successive doses. On 
the other hand, the plain muscle of the animals sensitized with ultra-filtrates in 
a dose of 15 cem. (concentrated to 2 cem.) gave no reaction to sheep serum in 




















HYDATID “ANTIGENS” 195 


a dose of 0-5 cem., and was also insensitive when tested with 2-0 cem. of hydatid 
fluid. It reacted maximally when 0-005 mgm. of histamine was added to the bath. 


EXPERIMENT 2. 
On 24/9/27, 70 cem. of pooled sheep hydatid fluid was put up at 310 mun. 
lig. pressure, and 47-5 cem. of ultra-filtrate was obtained after twenty-four 


hours. 


Complement firation tests and Casoni reactions. 

These were carried out with the original fluid heated for five minutes at 
48°C., with the residue rediluted to its original volume and treated in the same 
way, with the residue made up to its original volume by the addition of ultra- 
filtrate and with the ultra-tiltrate. These were tested against two known 
negative and two positive hydatid sera. One of the latter proved to be anti- 
complementary, while the other hydatid serum fixed seven M.H.D.s. with the 
original fluid, six with the residue rediluted with saline, six with that rediluted 
with the ultra-filtrate, and none with the ultra-filtrate. Less than one M.H.D. 
of complement was fixed by each of the four solutions in the presence of the two 
negative sera. For the Casoni test four positive hydatid cases and two negative 
hospital patients were tested with the original fluid heated for five minutes at 
98°C., with the residue rediluted with saline, with the ultra-filtrate, and with the 
original fluid filtered through a Seitz filter, and subsequently heated for five 


minutes at 98°C. The results in the positive cases were as follows: 


Experiment 2. Casoni Reactions. 


Fluid under 


investigation Case 1 Case 2 Case 3 Case 4 
Hydatid fluid a ae +++ +++ +++ ++44 
Filter residue (re-diluted) +++ ++ +++ +. + 
Uttra-filtrate .. .. «+ «« ++ 0 0 0 
Filtered fluid (Seitz) .. .. + + ++ ++ + +4 


EXPERIMENT 3. 

On 2/10/27 and 3/10/27 two successive samples of hydatid fluid, each of 

70 cems., were subjected to filtration at a pressure of 500 mm. Hg. for twenty- 

four hours. The residues in the filter were pooled, as also were the ultra- 

filtrates, and the latter, whose total volume was 95 cem., were concentrated to 
4) cem. by distillation in vacuo at 40°C. 


Complement fixation. 

For complement fixation the original fluid, the residue made up with saline 
to its original volume, and the ultra-filtrate rediluted to its original volume (ail 
boiled for three minutes) were tested against four positive hydatid and four 
known negative sera. The results obtained in the tests on 7/10/27 are here 


summarized : 
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Experiment 3. Complement Fixation Reaction. 


Fluid 
unde M.H.Ds. of complement fixed 
investi- Serum 1 Serum 2 Serum 3 Serum 4 Serum 5 Serum 6 Serum 7 Serun 


gation (Hydatid) (Hydatid) (Hydatid) (Hydatid) (Normal) (Normal) (Normal) (Norma 


Original 
hydatid 


fluid fF Ss. SO) 5. 2. 2. * » 
Filte: 

residue 

re-cliluted 7 10 55. D 4 2. 

Ultra 

titrate 

re-diluted = 1 l l l L. ] 0 l 


Anaphylactic tests. 


The ultra-filtrate and residue were also used to sensitize guinea-pigs, whos 
uteri were tested nineteen days later, with the following results, the reactions 
being recorded in the order in which they were elicited with two typical uterin 
horns only. 





Sensitizing dose. Testing doses. Reaction. 
Residue, 4-0 cem. .. 2. 36 oe oe Sheep serum, 0.2 cem, Nearly maximal 
Sheep serum, 0.2 cem, Nil 
Hydatid fluid, 2.0 c¢em, Nearly maximal 
Iivdatid fluid, 2.0 ¢em, Nil 
Concentrated ultra-filtrate, 4-0 em, Sheep serum, 0.2 cem, Nil 
Hydatid fluid, 2.0 cem, Nil 
Histamine, 0.005 mgm. Maximal 


In these first three experiments the results clearly negative the passage 
through the filter of any appreciable quantity of the substance or substances in 
hydatid fluid, which by their antigenic activity are recognizable either by 
anaphylactic or by complement fixation tests. The results of the Casoni test are 
on the whole parallel, though a moderate reaction was obtained in experiment 2, 


case 1. In experiment + a membrane was used which was presumably somewhat 


more permeable, since it was hardened in 6547 instead of 50% alcohol. 


EXPERIMENT 4. 

On 20/9/27, 75 em. of sheep lung hydatid fluid was put up at 310 mm. Hzg. 
After eighteen hours 60 cem. of ultra-filtrate were obtained. 

Complement fication tests were made on 21/9/27. As the original hydatid 
fluid was not available, fluid derived from a lung eyst in the same sheep was 
utilized. The residue diluted to its original volume with saline and the ultra- 
filtrate were also tested after boiling for three minutes to ensure sterility. Each 
fluid was tested against three sera, one of which was derived from a_patieut 
suffering from hydatid. As the filter residue proved non-antigenic, and the 





original fluid was not tested, negative results in the ultra-filtrate were of no 
significance. The pulmonary hydatid fluid used proved antigenic, as is indicated 
by the following results: 
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Experiment 4. Complement Firation Reaction. 


M.H.Ds. of complement 


Fluid under Serum 1 Serum 2 Serum 3 

investigation (Hydatid) (Normal) ( Normal) 
Pulmonary hydatid fluid .. 9. 0. 0. 
Filter residue (re-diluted) .. 0. 0. 0. 
ip eee eee 0 0. 0. 


Casoni tests. 

The same antigens were tested by intradermal injection in five patients. 
The three control cases, two of whom were syphilitic, gave negative reactions, 
while the results obtained in two hydatid patients are tabulated below: 


Yarperimey . Casoni Reaction. 
Ex} ut 4. Ca Reacti 


Fluid under Case 1 Case 2 

investigation (Hydatid) (Hydatid) 
Hvdatid fluid .. .. .... + + ++ 
Filter residue (re-diluted ) + + + 
itee-Bitrate .. ks 2s as 0. 0. 


Anaphylactic tests. 

The ultra-filtrate and residue were also tested for their content of anaphy- 
lactic antigen by injecting them into guinea-pigs, the former in a dose of 
15-0 em. (concentrated to 2-0 eem.), and the latter in a dose of 3-0 cem. The 
results of the tests of sensitiveness of the plain muscle nineteen to twenty-two 
days later are shown in the table, where the reactions of two typical uterine 


horns are set out, the reactions being given in order in which they were elicited. 


Sensitizing dose. Testing «lose. Reaction. 
Ultra-filtrate, 15 cem, Sheep serum, 0.4 ccm. Nil 
Histamine, 0.01 mgm. Maximal 
Hydatid fluid, 4.0 cem. Nil 
Histamine, 0.01 mgm. Maximal 
Residue, 3.0 cem. .. Sheep serum, 0.2 cem, Maximal 
Sheep serum, 0.2 cem. Nil 
Hydatid fluid, 1.0 cem. Maximal 
Hydatid fluid, 1.0 cem, Very small response 
Histamine, 0.01 mgm, Maximal 


In this experiment the findings in anaphylactic experiments and Casoni 
tests were identical, the specific substance or substances capable of acting as 


anaphylactic antigen, and of causing skin reactions being held back by the filter. 


Il. Experiments with Membranes Permeable to Hydatid Antigen. 

We now attempted to prepare membranes which were much more permeable, 
and which we hoped would allow specific hydatid ‘‘antigen’’ to pass, while 
holding back host serum proteins. Before using these membranes for hydatid 


fluid it was necessary to demonstrate that they were impermeable to sheep serum 
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protein at the pressure used. For this purpose undiluted sheep serum was ) 
up at 250 mm. Hg. pressure. and the resulting ultra-filtrate was tested chemica! 
and by injecting it into guinea-pigs, whose plain muscle was tested for sensitiv 
ness to sheep serum nineteen to twenty-two days later. Unless all these reactio 
were negative the filters were discarded. 


EXPERIMENT 5. 

The membrane was made at 19°C. by pouring six layers of pyroxylin sol 
tion at four-minute intervals, with twenty minutes for final drying befor 
immersion in 70% spirit tor twenty-four hours. The ultra-filtrate obtaine 
from undiluted sheep serum during sixteen hours at a pressure of 250 mm. t 
210 mm. Hg., injected in a dose of 5-0 cem., failed to sensitize guinea-pigs, whos: 
plain muscle gave no reaction with 0-5 cem. of sheep serum when tested twenty 
days later. Spiegler’s reagent gave a faint diffuse cloud but no ring, and al 
the other chemical tests were negative. 


Anaphylactic tests. 


On 24°11/27,, 80 cem. of sheep hydatid fluid were put up at 250 mm. He 


pressure, and the ultra-filtrate collected (25 cem.) after five hours. This gave 
a positive Spiegler and a positive haemochromogen test, though the other protein 
reactions were negative. Guinea-pigs were injected with 10 cem. of the ultra- 
filtrate, and others with 5-0 cem. of the residue, and their plain muscle was 
tested twenty-one days later. Hydatid fluid, concentrated to half its bulk by 
filtration through a 50% membrane, was used for testing. The reaction of two 
typical horns are given in the subjoined table, the dosage of hydatid fluid being 


expressed in terms of unconcentrated fluid. 


Sensitizing dose. Testing dose. Reaction, 
Ultra-filtrate, 10 com. Sheep serum, 0.5 cem, Very small 
Hydatid fluid, 4.0 cem, Maximal 
Hivdatid fluid, 4.0 c¢em, Nil 
Residue, 5 cem. .. . Sheep serum, 0.5 cem, Maximal 
Sheep serum, 0.5 cem, Nil 
Hydatid fluid, 3.0 c¢em. Maximal 
Hydatid fluid, 3.0 cem. Very small 


The same membrane was used on 6/12/27, after soaking it in 5% phenol 
for twenty-four hours to ensure its sterility, subsequently washing it six times 
with sterile saline, and finally forcing sterile saline through it at a pressure of 
250 mm. He. for five hours. Sheep hydatid fluid (50 cem.) was now put up at 
250 mm. Ig. pressure. and the ultra-filtrate collected sixteen hours later, when 
the pressure had fallen to 210 mm. Hg. This ultra-filtrate gave positive haemo 
chromogen and Spiegler tests, and was tested by complement fixation on 8/12/27 


against four positive and three negative sera, with the following results: 
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Experiment 5. Complement Fixation Reaction. 


i M.H.Ds. of complement 
Fluid under Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 
investigation (Hydatid) (Hydatid) (Hydatid) (Hydatid) (Normal) (Normal) (Normal) 
Original hydatid 
Se 40. 10. 15. 
ltra-filtrate .. 4 4. 


4. 0 0 0. 
.. 0. 0 0. 


too 


Cason test. 

The intradermal test was also carried out in one case, and whereas the 
original hydatid fluid gave a ++--+-, the ultra-filtrate gave a +--+- reaction. 

In this experiment, unlike those of the first group, the ultra-filtrates obtained 
from hydatid fluid gave positive Spiegler and haemochromogen reactions, 
showed definite antigenic powers when tested by complement fixation, and con- 
tained demonstrable anaphylactic antigen other than that provided by the 
presence of serum from the host, only a trace of which was present in the 


filtrate. 


EXPERIMENT 6. 


The membrane used was made at 19°C, by pouring six layers of pyroxylin 





solution at five-minute intervals, allowing thirty minutes for final drying, and 
then immersing in 70‘. spirit for twenty-four hours. It was tested with 
undiluted sheep serum at 250 mm. Hg., and the ultra-filtrate collected during 
sixteen hours gave a diffuse cloud but no ring with Spiegler’s test. <All the 
other chemical tests were negative. The plain muscle of a guinea-pig, sensitized 
by the injection of 5 cem. of this ultra-filtrate, was tested twenty days later, 
and gave no response when 0-5 cem. of sheep serum was added to the bath. 

On 21/11/27, 50 cem. of sheep hydatid fluid was put up at 250 mm. Ig. 
pressure, and the ultra-filtrate (20 cem.), tested after five hours, gave a positive 
haemochromogen reaction only. Guinea-pigs were sensitized by the injection 
of 10 cem. of ultra-filtrate and 5 cem. of the residue in the filter. Their plain 


muscle was tested after the lapse of twenty days, with the following results: 





Sensitizing dose. Testing dose. Reaction. 
Ultra-filtrate, 10 cem. Sheep serum, 0.5 cem, Maximal 
Sheep serum, 0.5 cem, Nil 
Hydatid fluid, 5.0 cem. Barely maximal 
Hydatid fluid, 5.0 ccm. Very small 
Residue, 5 cem. .. . Sheep serum, 0.5 cem, Maximal 
Sheep serum, 0.5 cem, Nil 
Hydatid fluid, 3.0 cem. Maximal 
Hvdatid fluid, 3.0 cem. Nil 


This experiment vielded the curious result that while the membrane was 
impermeable to sheep serum proteins, when undiluted sheep serum was put up, 
it appeared to be no longer impermeable to these proteins when hydatid fluid 
containing them was submitted to filtration. That the permeability of the 
membrane was not permanently altered was shown by subsequently putting up 
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dilute sheep serum in it at the same pressure and for the same time. No prot: 
could be detected in the ultra-filtrate by chemical or anaphylactic tests. 
seemed likely that the serum protein was aided in its passage across the mi 
brane by the presence of filterable substances in hydatid fiuid. 

In experiment 5 it will be noticed that sheep serum caused a small | 
definite contraction of the plain muscle of guinea-pigs sensitized with ulti 
filtrate, whereas that of a guinea-pig sensitized with ultra-filtrate of undilut 
sheep serum gave no trace of reaction. This phenomenon is also seen in tl 
experiment next to be described. 


EXPERIMENT 7. 

The membrane was made at 25°C. by pouring six successive layers o 
pyroxylin solution at three-minute intervals, allowing ten minutes for the fina 
drying. It was hardened by immersion in 80% alcohol for three days. ©) 
15/12/27 it was tested by filling it with undiluted sheep serum and subjecting 
this to a pressure of 240 mm. Hg. for sixteen hours. <A large vield of clear 
ultra-filtrate was obtained, which gave none of the ordinary tests for proteii 
The Spiegler and haemochromogen tests were also negative, and in a dose o 
5-0 cem. it failed to cause any reaction in a uterus which subsequently reacted 
maximally with a dose of 0-05 cem. of sheep serum. 

Two guinea-pigs were now injected subcutaneously with 5 cem. each of the 
ultra-filtrate, and their plain muscle was tested for sensitiveness twenty days 
later. Both failed to react to sheep serum in doses of 0-2 cem. and 2 cem. tn 
a bath of 50 cem. capacity. The membrane, therefore, did not permit the 
_ passage of the proteins of undiluted sheep serum at this pressure. 


Anaphylactic tests. 


On 16/12/27, 75 cem. of sheep hydatid fluid was put up in the membrane 
at the same pressure for twenty-four hours, and 60 cem. of water clear ultra 
filtrate was obtained. This gave a positive test with Spiegler’s reagent, and a 
positive haemochromogen reaction, but failed to give the other chemical tests. 

The ultra-filtrate and the residue were tested on the plain muscle of a 
guinea-pig sensitized twenty-two days previously with 5 cem. of sheep hydatid 
fluid. After desensitizing with sheep serum, 10 cem. of ultra-filtrate added to 
the bath caused only a trivial response, but after changing the Ringer the 
addition of 1-0 cem. of the residue from the filter gave a maximal anaphylactic 
reaction. This method of testing for the presence of an anaphylactic antigen 
is not so sensitive as that of injecting guinea-pigs with the material under in 
vestigation, allowing them sufficient time to become sensitive, and then testing 
their plain muscle with the anaphylactic antigen suspected to be present. 

Two guinea-pigs were accordingly injected subeutaneously with 10 cem. and 
5 cem. respectively of the ultra-filtrate and tested, in a bath of 50 cem. capacity, 
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vhen twenty days sensitive. Figure 1 shows the responses obtained with the 
terine horns of a guinea-pig sensitized with ultra-filtrate. The experiment 
fords clear demonstration of the passage through this membrane of a substance 
capable of producing anaphylactic sensitiveness to hydatid fluid. Traces of 


sheep serum protein appear to have also passed into the ultra-filtrate. 





Figure 1. Responses of the right and left horns of a guinea pig 20 days after sensitization 
with 10 ccm, of ultra-filtrate of hydatid fluid, experiment 7, R=right and L=left horn. 
At A 0.2 cem. sheep serum, at B 1.0 cem. hydatid fluid, at C 0.01 mgm, histamine, at 

~ D 0.4 cem, of sheep serum, and at E 0.3 cem, hydatid fluid added to the bath. 


The plain muscle of guinea-pigs sensitized by the subeutaneous injection 
of 5 cem. of the residue in the filter, when tested after the lapse of twenty days, 
failed to react decisively to sheep serum in doses of 0-2 cem., and gave only a 
half maximal and delayed reaction with a dose of 0-5 cem. of sheep serum, 
Maximal anaphylactic responses were obtained with 0-2 cem. of hydatid fluid. 

Figure 2.) It appears, therefore, that only a partial separation of the substances 
responsible for sensitization to sheep serum protein and to hydatid fluid has 
heen effected by this membrane, despite its proven impermeability to sheep serum 
protein when undiluted sheep serum was put up in the membrane. It was coneeiy- 
able that this result might be explained by the passage of sheep serum proteins 
hrough the membrane when these were presented to it in greater dilution, and 
accordingly a 1 in 1250 solution of sheep serum protein (1 in 100 of sheep serum 
in saline) was subjected to filtration through the same membrane. The ultra- 
filtrate collected after twenty hours at 310 mm. Hg. pressure gave none of the 
chemical tests for proteins, and in a dose of 20 cem., concentrated to 4+ cem., 


failed to sensitize guinea-pigs which were tested twenty days later. 
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Complement fixation and Casoni tests. 

In the second part of this experiment (No. 7) both the original hydat 
fluid (after filtration through a Seitz filter) and the ultra-filtrate were subject 
to complement fixation and Casoni tests. Eight sera, two of which were deriy 
from known hydatid cases, were subjected to investigation by the compleny 
fixation method. While definite antigenic properties were found to reside 
the original fluid, none were demonstrable in the ultra-filtrate, as is indicat: 
in the accompanying protocol. 








‘ Figure 2. Responses of the left (lL) and right (R) horns of the uterus of a guinea pig 
sensitized 20 days previously with 5 ccm. of the residue of hydatid fluid left in the 
filter in experiment 7. At A 0.2 cem. of sheep serum, at B 0.2 cem. hydatid tluid, at 
(0.005 mgm. histamine, and at D 0.5 cem, sheep serum added to the bath. 


Erperiment 7. Complement Fixation Reaction. 
/ 


Fluid 
under M.H.Ds. of complement 
investi- Serum 1 Serum 2 Serum 3 Serum4 Serum 5 Serum 6 Serum 7 Serum 8 


gation (Hydatid) (Hydatid) (Normal) (Normal) (Normal) (Normal) (Normal) (Normal 


Original 


fluid 22 .5 6. 2 3 1. ]. 0. 0 
Ultra- 
filtrate 2 0. a. 2. 0. 0 0. 0. 


On the other hand, the results of the intradermal test indicated that the 
ultra-filtrate functioned as an efficient Casoni antigen. Six patients were tested. 
Of these two were known to harbour echinococeal cysts, another gave a history 
of successful operation for hydatids some thirty years ago, while the three others 
were in hospital with other diseases. The last four patients reacted negatively 
throughout, whereas both the original hydatid fluid and the ultra-filtrate caused 
+-+-+ reactions with the first case and reactions of +--+ type with the seeond. 
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It was shown by Graetz (1912) that hydatid fluid contains protein derived 
from the host, and one of us (Kellaway, 1928) has demonstrated in it the 
presence of another substance or substances, presumably of parasitic origin 
capable of funetioning as anaphylactic antigen. This substance is thermostable, 
und fails to pass through our 50% and 65% spirit membranes. The evidence of 
the anaphylactic experiments presented here and elsewhere suggests that it is 
likely to be a protein, since there is no certain proof that any other type of 
substance can function as anaphylactic antigen. Whether this substance be 
identical or not with those responsible for the intradermal and complement 
fixation tests remains still an open question. The experiments recorded here 
also show parallelism between the results obtained with ultra-filtrates in the 
intradermal tests and those in the anaphylactic experiments. Lemaire and 
Thiodet first showed that the active substance in the intradermal test, like the 
anaphylactie antigen, is not destroved by boiling. Its thermostability had been 
independently worked out by two of us (NILE. and F.E.W.) prior to this 
investigation, during which it was repeatedly “confirmed. 

In experiments 1, 2, 3, and 4, where no evidence could obtained of the 
passage of anaphylactic antigent through the membranes, the ultra-filtrates were 
shown to contain active substance in only one of nine intradermal tests, and the 
exception may be explained by postulating greater sensitiveness for the skin 
reaction. The residue in the filter invariably gave both reactions, though in 





several of the patients tested some diminution in activity was demonstrated by 
the intradermal test, which may possibly be attributed to adsorption on the 
membrane. On the other hand, in experiments 5, 6, and 7, where evidence of 
the passage of anaphylactic antigen through the membranes was obtained, the 
substance responsible for the intradermal test also passed through the filter. 
The results in the ease of complement fixation do not show so exact a 
parallelism, for though in the first group of experiments with less permeable 
membranes, the ultra-filtrate showed no appreciable activity in complement 
fixation, in the second group, in which anaphylactic antigen was demonstrable 
n the ultra-filtrate, complement fixation tests with sera containing hydatid 


‘‘immune body’’ either vielded negative results or showed only low grade 
activity. Though this antigenic substance has also been shown by two of us 
N.H.F. and F.E.W.) to be thermostable, no contributory evidence of its 
identity with the antigen or antigens responsible for intradermal and anaphy- 
lactic reactions ean be derived from these experiments. 

One of the most striking features of the experiments recorded here is the 
parallelism between the chemical tests and the corresponding immunity reactions, 
more particularly with those in the anaphylactic experiments. With ultra- 
filtrates which gave negative results with the Spiegler and haemochromogen tests 
no anaphylactic sensitiveness was demonstrated in the inoculated guinea-pigs, 
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while those ultra-filtrates which produced sensitiveness gave a positive haen 
chromogen or Spiegler test. or more commonly both. The absence of evide: 
of anaphylactic sensitiveness only indicates that in the amount of ultra-filtr: 
injected is less than the amount necessary for sensitization, which by analow, 
with erystallized egg albumin may possibly be of the order of 5 x 10—5 mg 


(Wells, 1918). 
CONCLUSIONS. 


1. Ultra-filtrates from hydatid fluid in the pyroxylin membranes deseril 
(hardened in 50% and 60% alcohol) do not contain any antigenic substances 
detectable by complement fixation, anaphylactic or intradermal tests, nor do they 
give chemical reactions indicative of the presence of protein. 

2. With more permeable membranes (hardened in 70% and 80% alcoho! 
the ultra-filtrates obtained give positive Spiegler and haemochromogen reactions, 
react well in anaphylactic experiments, and give positive intradermal tests i: 
patients infested with hydatid. "They yield only feeble complement fixatio: 
reactions with positive hydatid sera. 

3. Though these last membranes do not permit the passage of protein whe: 
sheep serum is filtered through them, traces of sheep serum protein are show! 
to be present in ultra-filtrates from hydatid fluid. 
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OBSERVATIONS ON MULLER’S PHENOMENON : 
DISTANT PUNCTATE HAMOLYSIS OF BLOOD AGAR 
BY STAPHYLOCOCCI 


by 
F. M. BURNET 


From the Walter and Eliza Hall Institute of Research, Melbourne Hospital). 
(Submilted for publication 9th August, 1928.) 


In 1927, Muller (6) described the occurrence of punctate areas of haemolysis 
a few millimetres in diameter in human blood agar plates on which a uniform 
surface sheet of staphylococeal growth had developed. This type of haemolysis 
appeared to be determined by the presence of some constituent of the serum. 
Agar containing washed red blood corpuscles showed no haemolysis unless serum 
had been added and the number of haemolyzed areas was proportional to the 
amount of serum used. Further work by Muller (7) and Dormal (3) showed 
that the active agent was precipitated with the globulins of serum and readily 
absorbed by charcoal. 

During the course of investigations in this laboratory on the fatalities in 
connection with the administration of contaminated diphtheria toxin-antitoxin 
mixture at Bundaberg, Queensland (Report of Royal Commission, 8), many 
blood agar plates streaked with the infected material showed discrete areas of 
haemolysis at a distance from the colonies of staphylococci, which were the only 
organisms recovered by culture. The possibility that these areas of haemolysis 
surrounded invisible colonies of some other miecro-organism was investigated, 
but it soon became clear that the appearances were due entirely to the presence 
of the staphylococeal colonies, and were identical with the phenomenon described 
by Muller. 

If a blood agar plate containing 2-5% of human blood is inoculated over 
a small central area with the staphylococeus ‘‘B’’ (Bundaberg strain), and 
incubated at 38° for three or four days an appearance like that shown in figure 1 
will be observed. There is a zone of haemolysis immediately next to the growing 
organisms, and beyond that a zone, about a centimetre in extent, showing 
spherical regions of haemolysis that become more discrete towards the periphery. 
Close examination shows that the areas of haemolysis are spherical, with the 
centres of the spheres on or close to the deep surface of the agar. 
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The method of demonstrating the phenomenon in the form of zones sur 
rounding an isolated area of growth was found more satisfactory than Muller’s 
method of covering the entire plate with staphylococci. Many staphylococci ar 
frankly haemolytic, but show a zone of typical Muller haemolysis on th: 
periphery of the haemolyzed area. This would, of course, be missed by Muller’s 
method. 

The conditions governing the appearance of the phenomenon are extremel 
complex. The nature of the basie nutrient medium, the conditions of inenbation, 
the species from which the red blood cells are obtained, the amount and nature 
of the serum, and the strain of organism used, all influence its production. These 
points may be considered more or less independently. 


A. The Nutrient Medium. 

The original appearances were obtained on ordinary nutrient agar made 
according to the Douglas-Hartley method and containing 1% of peptone. Sub 
sequent batches, however, failed to give the phenomenon or showed only a 
vaguely mottled appearance. Attempts to explain the irregularity have not 
been completely successful. Peptone was found to be detinitely inhibitory 
toward the manifestation of the appearance. 

Blood plates were made with agar of the following compositions: (a) 2% 
in a simple meat extract without peptone; (b) the same with the addition of 
1% peptone; (¢) 2% in a solution containing 1% peptone and 0-9% sodium 
chloride. When tested by the growth of staphylococcus B, or other active strains, 
the results were as follows: 

(a) On simple extract blood agar the Muller phenomenon took on one of 
two forms. Some batches showed a very sharply cut, broad zone of clear 
haemolysis and others a typically punctate appearance, but with smaller unit 
areas of haemolysis. (See figure 2.) 

(b) The stock medium frequently failed to show more than discolouration 
with a vaguely punctate appearance around the staphylococeal growth, but 
several batches showed the typical appearances. The areas of haemolysis were 
much larger than when extract agar was used. They were fewer in total number 
but more numerous in the regions close up to the staphylococcal mass. 

(ec) Peptone agar without meat extract was a poor medium for growth, and 
no haemolysis of any sort appeared. 

The most reliable basis for the blood agar plates was found to be Huntoon’s 
‘‘hormone agar’’ medium. With this the Muller effect could be regularly 
obtained in the typical form of areas from 1 mm. to 3 mm. in diameter in a zone 
extending about 1 em. from the growing edge of the staphylococci. 


B. Conditions of Incubation. 


According to Muller the effect is best shown at a temperature a little above 


37 


7°. This was confirmed. Three to four days’ ineubation at 38-5° as a rule 
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Figure 1. To show three Muller-positive, two Muller-negative staphylococci. Plate con- 
taining 2.5% human blood (citrated) on hormone agar basis. 





Figure 2. To show form taken by Muller phenomenon on blood plates made on a basis of 

meat extract agar without peptone. Plate incubated for three days, then left in 
icechest for twenty-four hours and reincubated for another day before being 
photographed. 











Te a Oe 


A ee ee 


ne 


omen 


Te | te 


See tN 


a ke 

















MULLER’S PHENOMENON 207 


hows the clearest development of haemolytic areas. At 30°, or at room tempera-! 
ure, they do not develop. 

Plates incubated anaerobically show no haemolysis after eight days at 37 
but if they are then incubated aerobically for a further two or three days the 
punctate effect comes up very clearly. 


('. Origin of Red Blood Cells. 


Of the various blood cells tested (human, horse, sheep, rabbit, and guinea- 
pig) only human red blood cells have shown the phenomenon. No individual 
differences have been found amongst human bloods. 


D. Amount and Nature of Serum Present. 


The isolated haemolytic areas never appear when washed corpuscles are 
used without serum. This was discovered by Muller, who devoted most of his 
attention to the nature and occurrence of the body in serum that is responsible. 
He found that it was destroyed by heating to 55° for half an hour, that it was 
completely precipitated with the globulins by treating the serum with distilled 
water and carbon dioxide, and (with Dormal) that it was readily adsorbed 
from the serum by wood charcoal. He found also that the amount present in 
human serum varied considerably with the clinical condition of the donor. 

| have found that both guinea-pig and rabbit sera, when used with washed 
human red blood cells will show the effect, the former being particularly rich 
in active agent. The appearances were modified somewhat when guinea-pig 
serum was used. Next the region of growth there was a narrow zone of 
haemolysis, then a fairly broad zone of brownish discolouration, and beyond this 
a region of typical Muller haemolysis. The characteristic appearances are well 
shown in figure 3. The serum may be filtered through a Seitz filter’ with dises 
impermeable to bacteria without appreciable loss of aetivity. 


Ntrain of Organism Used. 


Positive results have been obtained only with staphylococci. The organisms 
which failed to show discrete areas of haemolysis on controlled plates include 
the following types: Streptococcus haemolyticus (two strains), Streptococcus 
viridians, B. anthracis, B. typhosus, B. paratyphosus B, B. coli, B. dysenteriae 
(Flexner), B. enteritidis (Gaertner). 

Amongst the staphylococci it may be taken as a general rule that aureus 
strains obtained from purulent lesions produced the phenomenon, while most air 
staphylococei and those of the epidermidis type do not manifest it. Work on the 
serological classification of staphylococci has indicated a general correspondence 
between a positive Muller reaction and serological resemblance to strain B. The 
serological work is not yet complete enough to report, but the following table 


} 
| 
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shows the respective titres given by all those staphylococci whose reactions ha. 
been worked out with an antiserum against strain B. (Titre 1280.) 

Muller positive 1280-1280—640-640-640-1280-—320. 

Muller negative 80—0—0-40-—80—-0—40. 

So far as the evidence goes, therefore, it seems that the property of inducin 

the Muller reaction is common to the group of pyogenic staphylococci, which a 
Kolle and Otto (5) and others have shown, is fairly homogeneous from thi 
serological standpoint. 


The Nature of the Phenomenon. 

The most striking feature of the appearances is the development and growth 
from a central point of a region of haemolysis at a distance from the presumed 
source of haemolytic substances. The individual regions can be observed to 
grow in size between the third and fourth days, and from their form and distri 
bution we must assume that at certain points within the medium a_ progressive 
formation of haemolysin occurs. There are three possible mechanisms that might 
give such a result : 

(1) In the first place the haemolytic process may be self-perpetuating, i.e., 
with lysis of the immediately adjacent red cells a further amount of haemolysin 
is produced, which diffuses out to the next zone of cells, lyses them, and so on, 
a process rather akin to the formation of plaques by bacteriophage. 

(2) Alternatively it is possible that the particulate unit in the serum has 
a continuously activating effect on a prehaemolysin or haemolysinogen, diffusing 
from the staphylococci, so that as each molecule of the latter comes into the zone 
of influence of the activator it develops haemolytic properties. Under these 
conditions the point of location of the hypothetical activator would serve as a 
source for the diffusion in all directions of the active haemolysin. 

(3) This second view may be modified by considering that the particulate 
activator (of serum origin) gives rise to a diffusible agent, whether or not 
staphylococci are present in the vicinity. This agent so modifies the red blood 
cells that lysis occurs when they come under the influence of certain staphy- 
lococeal products. The diffusing agent in the former case is a product of the 
staphylococci modified by contact with the activator, in the latter something 
produced by the particulate serum entity independently. 

The experimental differentiation of these views was attempted along the 
following lines: 

(1) Transference of a portion of agar from the edge of an area of haemolysis 
to regions under staphylococeal influence on plates containing no serum invari 
ably failed to cause haemolysis at this point. These negative results are definitely 
unfavourable to the first suggested explanation of the phenomenon, viz., that we 
are concerned with a self-perpetuating precess. 
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Figure 3. (a) Muller phenomenon on a plate containing washed human cells and fresh 
guinea pig serum. 
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(b) The same with guinea pig serum heated to 55° for 39 minutes. 
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(c) The same without addition of serum. 
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(2) It is possible to differentiate between the second and third alternatives 
hy considering the relationships between the size of the individual areas and the 
duration of incubation before and after the staphylococci have been added. The 
size depends mainly on the period during which the area has been under 
staphylococcal influence. Peripheral areas tend to be smaller than those nearer 
the mass of growing staphylococci. The effect of incubation in the absence of 
the staphylococcal inoculum is shown in the following experiment : 


A blood agar plate was inoculated with staphylococcus B on suceessive small 


eas at daily intervals and kept at 38°. The Muller phenomenon appeared after 
is hours’ incubation in the case of the first inoculum and after 24 hours with each of 
e successive ones, The zones widened progressively, as is shown by the table, in 


lich the width from the original edge of the staphylococcal growth is given three 
(five days after the commencement of the experiment. The daily inocula are 
ered successively A, B, C, D, so that when the five-day-reading was taken A had 
rown for five days, B for four days, and so on, 


A B Cc D 
Se OOO sc ds l..em, 1.2¢m., 0.6m, = 
S GB78 2. 2.0em, 1.6¢m, 1.2 em. 0.9em, 


The individual areas of haemolysis were smaller around the later inocula, but their 
size Was in no way directly proportional te the time since their first appearance. In all 
these experiments there was a rapid increase to a size of about 2mm. and a slow subsequent 

ilargement. 

Incubation in the absence of staphylococci then seems to quicken the first 
uppearance of the Muller areas, but their distribution and size depend only on 
the period during which the medium has been influenced by staphylococcal 
products. One may deduce from this that the diffusible agent is primarily of 
staphylococcal origin, a haemolysinogen that is activated by some particulate 
entity at the centre of each developing area. 

The importance of some serum constituent being recognized, it is natural 
to look for relationships between this constituent and the known biological 
activities of serum. When attention was confined to human sera it seemed 
advisable to eliminate the possibilities of the isoagglutinins acting as sensitizing 
agents. Plates containing washec corpuscles of one type and serum of another 
or serum from which all isoagglutinins had been absorbed, showed no appreciable 
differences from plates made with simple citrated blood. The activity of sera 
from other animals also negatived the possibility of the human isoagglutinins 
playing an important role. 

The agent is almost completely inactivated at 55° in 30 minutes, and is 
present in greater amount in guinea-pig than in human serum. This suggested 
that complement or one of its components might be responsible. Parallel tests 
were done to estimate the amount of complement present and the power to 
produce the Muller phenomenon in guinea-pig sera treated in various ways. 
Filtration through a Seitz filter removed practically all complement as tested 
by the usual technique with sensitized ox cells, but left the Muller agent 
undiminished. Other sera were treated with sensitized heat-killed staphylococci. 


The supernatant fluid showed no haemolytic power whatever for sensitized red 
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cells, but both unfiltered and after Seitz filtration gave normal production { 
Muller areas when made into blood agar plates with washed corpuscles. In (|| 
experiments the control plates without sera gave no trace of the Muir 
phenomenon. 

Complement as a whole can be excluded by these results, but it may be 1) 1 
the agent is the same as the ‘‘middle piece’’ of complement. Both entities 
precipitated with the globulins by dialysis or CO., and both are heat lab 
The ‘‘mid-piece’’ is frequently present in excess in normal sera showing lit(/c 
complement activity (Sachs, 9). But the real existence of ‘‘mid-piece’’? seeiis 
extremely doubtful from the work of Bronfenbrenner and Noguchi (1), ai 
there is general agreement that if anything is left in the supernatant fluid of a 
complement fixation experiment it is end-piece, not ‘*mid-piece.”’ 

One can only conclude that the serum constituent responsible is not biologi 
cally related to any of the constituents known to play a part in haemolytic 
reactions. 

In addition to the agent present in the serum certain substances present in 
meat extract seem to be equally essential. It has been found that ‘* hormone 
agar’’ (Huntoon) is much more satisfactory than extract peptone agar made 
in the usual way, while simple extract and agar, without peptone, shows the 
phenomenon satisfactorily, although in rather different form (ef. figures 1 
and 2). In several hormone agar plates it was noted that the areas of haemolysis 
were very frequently centred on little flakes of precipitate derived from the 
unfiltered hormone agar. This condition was not essential to their appearance, 
but it was sufficiently frequent to suggest that each haemolytic area is centred 
on an adsorption complex of a labile serum constituent and a readily absorbable 
agent present in unfiltered meat extract (very probably the same as the A factor 
of Jordan Lloyd (4) that is responsible for the initial growth of delicate micro 
organisms). 

Staphylococci growing on agar produce diffusible reducing substances that 
can be demonstrated by their growth-promoting effects on plates rendered 
inhibitory by the addition of small amounts of peroxide or cyanide (Burnet, 
1927, 2). The zone over which this effect is manifested is of approximately the 
same extent as that within which Muller areas appear on blood agar, and some 
experiments were carried out to determine whether there was any relationship 
between the entities responsible. Three strains of staphylococei giving the 
Muller phenomenon, and three inactive strains, were studied according to the 
technique described in the paper cited. Plates containing cyanide, or rendered 
inhibitory by exposure to sunlight (peroxide formation) were spread with a 
few hundred staphylococci. After drying, small areas were heavily inoculated 
with the six strains of staphylococci. On ineubation growth of isolated colonies 
occurred only around the heavy inocula. The widths of the various zones are 


shown in Table 2. 
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TABLE 2. 


Agar containing Agar rendered inhibitory 


Staphylococcus Muller 0.1% NaCNn, by sunlight (H»Q.) 
‘*Bundaberg’’ ae ++ 1.4 ¢m. 1.1 em. 
S.I. (aureus) .. .. ++ 0.7 em. 0.9 em. 
Wood (aureus) .. .. 4 ++ 1.1 em. 0.8 em. 
eg 1.2 em. 1.2 em. 
HVR (albus) . .. .. 0.5¢m. 0.8 em. 
McLean (albus) . .. \ 1.4 em. 1.0 ¢m., 


The two activities are at once seen to be wholly unrelated. 
Many staphylococci are directly haemolytic on human blood agar, i.e., 


produce clear surrounding areas on twenty-four hours’ incubation. This is 
found with both albus and aureus strains, and is independent of the power to give 
the Muller phenomenon. Of those named in the above table 8.1., Wood and 


sé 


McLean are actively haemolytic, I1VR moderately so, and ‘‘Bundaberg’’ and 
B.A. non-haemolytic. The haemolytic Muller-positive strains showed the charac- 
teristic areas beyond the zone of haemolysis proper. The latter was uninfluenced 


by the presence or absence of serum. 


CONCLUSION. 

The phenomenon is obviously a highly complex one, and complete analysis 
is impossible at present. It seems most reasonable to regard the discrete areas 
of haemolysis as resulting from the activation of what may be called a haemo- 
lvsinogen diffusing from agar growths of all or most, pyogenic staphylococci. 
This activation may occasionally be general, and result in a uniform zone of 
haemolysis, but usually oceurs only when the haemolysinogen comes into contact 
with a complex of a labile serum constituent (associated with the globulins) and 
some entity present in meat extract. Each Such complex then acts as a source 
from whieh an active haemolvsin can diffuse. 


SUMMARY. 
1. Muller’s observations on punctate haemolysis of human blood agar by 
staphylococci have been confirmed. 
2. Amongst the conditions of the medium necessary for the appearance of 
the characteristic discrete areas of haemolysis are the following: 
(a) Of several species tested human red blood cells only are effective. 
(b) A certain amount of serum or plasma must be present. Human, 
rabbit, and guinea-pig sera are all capable of giving the appearances, 
(¢) The nature of the basie nutrient medium actively influences the re- 
action. Huntoon’s hormone agar was found to be the most  satis- 
factory basis. 





4. Amongst the bacterial species tested only pyogenic staphylococci have 
given the reaction. Staphylococei of the epidermidis albus type are inactive. 
4. The significance of the punctate distribution of haemolysis is discussed. 


F. M. BURNET 
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ON GLOBIN AND DENATURED GLOBIN 
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(From the Walter and Eliza Hall Institute, Melbourne). 
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In 1926 Hill and Holden (1) deseribed the separation from ox oxyhaemo- 
globin of a protein which they considered to be the true protein of that 
conjugated protein. They deseribed the combination with haematin prepared 
from crystalline haemin to form methaemoglobin, and brought forward evidence 
for the existence of compounds with certain porphyrins and their metallo- 
derivatives. They regarded the globin prepared by the method of Schulz (2). 
or any modification thereof, using an organic solvent soluble in water, as a 
denatured derivative of globin, incapable at the time of writing of being re- 
converted into it. Since Anson and Mirsky (3) had recently claimed to reconvert 
such denatured globin into oxvhaemoglobin, and in later papers have extended 
the idea that the reversal of the process of denaturation of a protein may be 
readily carried out, it became important to examine, among other matters, the 
evidence for the dissimilarity of globin and denatured globin, for the freedom 
of the latter. as ordinarily prepared, from traces of the former, and for the 
identity of the resynthetized oxyhaemoglobin with that from which the globin 
was originally obtained. A certain amount of other work is ineluded, in the 
hope that it will be helpful to other workers in this field. 

The general outlines of the method for preparing the globin have been 
retained. The problem of vield was attacked, and it was found that for prac- 
tical purposes one volume of corpuscles to two of water formed the best solution 
from which to start. A small falling off in vield was observed to follow the use 
of more dilute solutions, and it was found that as the initial solution was diluted 
rather more acid became necessary to obtain complete conversion of the oxy- 
haemoglobin into acid haematin. At times considerable trouble was experienced 
with the ether. Some samples caused very extensive denaturation. After 
various trials, including the final purification with sodium, the plan was adopted 
of drying it over calcium chloride in the dark and distilling it immediately before 
use. When larger quantities of globin were required the following method was 
used: In a 600 ee., wide-mouthed. glass-stoppered bottle were placed 50 ce. 
corpuscles and 100 ce. water. After cooling to 0°C., 16 ec. 2N. HCl were added, 
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and the mixture stirred till no oxyhaemoglobin remained. Immediately 150 c 
water, cooled to 0°C., were added, and the whole carefully stirred till it w: 
thoroughly mixed. About 10-15 em. kieselguhr and 150 ee. ice-cold ether we: 
added, and the bottle was closed and vigorously shaken. After standing in a 
ice-bath for five minutes it was filtered on an 8-inch Buchner funnel surround 
with ice. The filtrate was carefully neutralized with dilute ammonia. 2 « 
saturated ammonium sulphate solution were added after neutralization, and 
the solution filtered from the precipitate of denatured globin as rapidly 
possible on a second cooled 8-inch Buehner funnel. It was found essential 1 
remove the globin from the denatured globin with the utmost speed, otherwis 
any remaining pigment passed on standing from the denatured globin to th 
globin. If the ammonium sulphate were added before neutralization it was 
found that almost complete denaturation ensued. The addition of the ammoniun 
sulphate greatly accelerated the aggregation of the precipitated denatured globir 
into filtrable particles. In the absence of sufficient salt such aggregation is 
extremely slow, particularly if the vield of globin has been good. As soon as 
the denatured globin has been removed, and without allowing the temperatur 
of the solution to rise, a rapid current of air was drawn over it for some hours. 
in order to remove as much as possible of the ether. The globin was precipitated 
with ammonium sulphate at P.h. 7-8 filtered on a cooled Buechner funnel, 
washed with a little saturated ammonium sulphate solution, and redissolved in 
a little distilled water. If care had been taken the resulting solution contained 
only a very small percentage of methaemoglobin, and was stable for a consider- 
able period. After trying that of other animals it was decided to work mainly 
with ox globin, of which good specimens were most readily prepared. 


THE STOICHEIOMETRIC RELATION BETWEEN 
HAEMATIN AND GLOBIN. 

The haematin used was freshly prepared for each experiment by dissolving 
a known weight of pure erystalline haemin in dilute sodium earbonate solution 
immediately before use. To 2 ce. samples of globin solution were added varying 
amounts of haematin solution from a microburette. The methaemoglobin formed 
was reduced with a small amount of sodium ferro-tartrate solution, and after 
heing allowed to stand for half an hour in the reduced state the solution was 
made up to 10 ce with water and the haemoglobin converted to oxvyhaemoglobin 
by gentle aeration. The estimations were made on the spectro-colorimeter 
deseribed by Holden (4). using an arbitrary standard of fresh oxyhaemoglobin. 
The weight of protein present was determined by coagulating in a boiling water 
bath, samples of 10 ec. after saturation with purified ammonium sulphate. The 
ecoagulum was well washed with water and dried in a steam oven. The details 
were taken from a paper by Hopkins (5). Owing to the small amounts of 
protein to be weighed a gooch erucible was used in some of the experiments for 
the final filtration and weighing. 
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Adair (11) showed that the molecular weight of oxyhaemoglobin is about 
66,000, i.e., about four times its equivalent weight. It seemed possible that in 
resynthetized oxyhaemoglobin the globin molecule might combine with less than 
four molecules of reduced haematin. Within the limits of experimental error 
it was found that the chemical equivalent of globin is the same as that of globin 
in natural oxyhaemoglobin. 

The following are the results of five experiments on different samples of 
ox globin. 

The titration values are calculated on the assumption that 651 parts of 
haemin are equivalent to 16,700 parts of oxyhaemoglobin and 16,050 parts of 
globin. The figures are milligrams of globin in 1 ce. solution. 


Titration. Coagulation, 
11.0 10.5 
7-8 8.3 
5.5 5.6 
4.5 4.6 
6.2 5.6 


Before coagulation the solutions were tested for the presence of denatured 
globin by half saturating a portion with ammonium sulphate. If any was found 
it was removed by half saturating the rest of the solution with ammonium 
sulphate and filtering. The errors due to the presence of a trace of methaemo- 
globin and the slow decomposition of haematin are both small and oppose one 
another. 


THE DECOMPOSITION OF METHAEMOGLOBIN. 


Wu and Lin (10) found that if methaemoglobin was converted into acid 
haematin, and the solution neutralized at once, that almost all the acid haematin 
reverted to methaemoglobin, whereas in the case of oxyhaemoglobin about 2/3 
reversion was the utmost that could be obtained. As this seemed of some 
importance it was decided to repeat their work, using somewhat different 
methods. The methaemoglobin was prepared by the use of ferric tartrate (1), 
instead of potassium ferricyanide, and dialyzed under pressure at 0°C. till it 
was free from ammonium sulphate, and was in about 5% concentration. With 
this as the starting material two types of experiment were performed. To 
samples of 3 ce. varying small amounts of 2N. hydrochloric acid were added, 
and the solution examined spectroscopically to see that no visible amount of 
methaemoglobin remained. After diluting with 10 ce. of water, a measured 
sample, 2 ¢e., was added to 2 ce. of a mixture of equal volumes of 5% sodium 
carbonate and 10% sodium tartrate solutions, and the pigment reduced with a 
trace of ferrous sulphate. The work was carried out at 0°C. After reduction 
the solution of haemoglobin was made up to 10 ee. and aerated. The oxyhaemo- 
globin obtained was estimated against an arbitrary oxyhaemoglobin standard 


in the spectro-colorimeter. The original methaemoglobin was estimated against 
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the same standard by omitting the acid from the treatment of one of the ° 
samples. It was found that over 90% of the acid haematin reverted to methae:.:o 
globin, and where the minimal amount of acid had been used the reversion ws 
practically quantitative. This confirms the observations of Wu and Lin (Joc. ¢7/. ), 
with the advantage that oxvhaemoglobin is estimated instead of methaemoglo}n, 
and hence alkaline haematin would interfere less with the determination, \ 
number of similar experiments on oxyhaemoglobin yielded only about 60-65 
reversion, which is also in aeceordanee with Wu and Lin’s results. 

The second group of experiments consisted in decomposing oxvyhaemogloh iii 
and methaemoglobin in buffer solutions and observing the time required tor 
decomposition. The differences between the two substances are well marked. 
Thus oxyhaemoglobin requires a higher hydrogen ion concentration for its 
conversion to acid haematin. It decomposes gradually in suitable solutions, anid 
the process may be observed for some hours. Methaemoglobin, on the other 
hand, requires less acidity. and reaches a state of equilibrium rapidly, at which 
it remains for some time. The experiments were carried out at O°C., using citric 
acid-citrate buffer solutions. 


Burrer SoLuTIONsS. 


P.h.2 P.h.3 P.h.4 * P.h.4.4 PAS 
Oxyhaemoglobin 2-3 minutes 2 hours } in 4 hours Traces in 4-5 hours 
Methaemoglobin Instantaneous 8 minutes 50% in 25% in 
complete 10 minutes 10 minutes 


Little subsequent change 
for 2 hours 
Hill and Holden (loc. cit.) approached the same equilibrium from the acid 
side, and these results aceord with theirs. With the same specimen of methaemo- 
globin an almost quantitative reversion from acid haematin to methaemoglobin 
was obtained, indicating that the ease of decomposition was not to be attributed 
to any impurity accidentally introduced during its preparation. 


THE OPTICAL ACTIVITY OF GLOBIN. 


Hopkins (5) emphasized the importance of determinations of the specific 
rotation of proteins as means of their characterization. It has the great advan- 
tage that the determination involves no operation that might alter the structure 
of the protein molecules, as does, for instance, the estimation of the amino- 
nitrogen. A comparison of the optical activities of globin and denatured globin 
was made with a view to their characterization as separate and distinct proteins. 
The denatured globin was washed several times with water, and finally with 
aleohol and ether. It was tested for freedom from globin by treating in 2% 
solution in dilute sodium carbonate with a little alkaline haematin, reducing with 
sodium ferro-tartrate and subsequently aerating. Tt was found to be free from 
globin. The globin solution gave no turbidity on half-saturation with ammonium 




















GLOBIN AND DENATURED GLOBIN 217 


suiphate. The solutions were read in 1 d.m. tubes, using the yellow line of the 
mereury are lamp. The estimation of the globin was carried out by coagulation 
and weighing. The results given show that the optical activities of these pro- 
teins lie far apart. Such a change in optical activity suggests a profound change 
in the chemical structure of the molecule, particularly in view of the rather low 


optical activities of most amino acids. 


Horse globin 18 
Denatured globin -OON,. acetic 73 
-O5N. sodium hydroxide —-71 
Ox globin —13 
Denatured globin 0.05N, acetic acid 73 


-~ 
ie 


0.05 sodium hydroxide 


THE REACTION BETWEEN REDUCED HAEMATIN 
AND DENATURED GLOBIN. 

In alkaline solution reduced haematin combines with denatured globin, 
forming a compound having two absorption bands in the green portion of the 
spectrum, of which the a band is peculiarly intense. Such substances are 
known as haemochromogens. Von Zevnek (6), and later Hill (7), showed 
independently that in pyridine haemochromogen two molecules of pyridine 
combine with one of reduced haematin. Haemochromogens are reversibly dis- 
sociated by a decrease in the hydroxyl ion concentration or by dilution of the 
solution, forming reduced haematin and the nitrogenous compound. Mr. Hill 
informed one of the authors (H.F.H.) privately that one equivalent of denatured 
elobin could combine with several equivalents of reduced haematin when the 
hydroxyl ion concentration was sufficiently increased. The earlier experiments 
were carried out on the spectro-colorimeter used for the titration of globin with 
haematin. It was found, however, that denatured ox globin haemochromogen 
was sufficiently dissociated in the concentration of sodium hydroxide that could 
be employed to render accurate determinations impossible. The concentrations 
of denatured globin and of haematin were also limited by the necessity of 
working with a layer of liquid 10 mm. or so deep. Accordingly a_ spectro- 
photometric titration of denatured ox globin with reduced haematin was carried 
out. The instrument used was most generously lent to the Institute by the 
Professor of Physiology in the University of Melbourne. A special cell, having 
an internal thickness of 1 mm., was used in the spectro-photometer. It was filled, 
emptied, and washed by means of a pipette drawn out to a capillary. Varying 
amounts of haematin were added to samples containing a known, constant 
amount of denatured ox globin, both freshly dissolved in the same standard 
sodium hydroxide. The mixtures were each made up to a known, constant 
volume with the same sodium hydroxide solution, and after careful mixing were 
reduced with a trace of solid sodium hydrosulphite immediately before putting 
in the cell. The instrument was read on the a band of the haemochromogen. 
As the diagrams show, the curves obtained with either instrument were very 
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uniform. Zilzer (8) says that spectro-photometric measurements of blood jiz- 
ment derivatives give results in accordance with those obtained on other coloured 


substances only under certain very limited conditions, e.g., the depth of the cI 





ye 




















| 1 1 4 j 
0 2 4 - 5 10 {2 


Ordinates: Concentration of haemochromogen in arbitrary units. 

Abscissae: Equivalents of haematin per one equivalent of denatured globin. 

Curves A and B. Spectro-colorimeter. 

Curves C and D. Spectro-photometer. 

To economize space the four curves have been arranged on one diagram, each with its 
own arbitrary zero. 


must be maintained inversely proportioned to the concentration of the pigment. 
The conditions under which these experiments were performed do not compl) 
with his conditions. Without wishing to enter into any consideration of the 


more detailed aspects of the matter, the authors are of the opinion that: In the 
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first portion of the curve each decrease in intensity of the transmitted light does 
represent a corresponding increase in the amount of haemochromogen present, 
due to a combination between denatured globin and reduced haematin; in the 
rounded portion of the curve of each addition of haematin only a portion com- 
bines with the protein, owing to the dissociable nature of the compound; that 
in the last portion of the curve no combination is occurring, owing to the suitable 
¢vroups in the protein molecules being entirely occupied. Under conditions 
limited by the concentrations of reagents suitable for the optical instruments 
used a weight of denatured ox globin equal to one equivalent weight of ox globin 
combines with six molecules of reduced haematin. 
The experimental quantities are as follows: 


D. Globin 
Mgn. per c.c. of 


Curve No, solution read Sodium hydroxide 
A 0.102 0.25N. 
B 0.113 1.25N., 
6 0.94 O.5N, 
D 0.93 1.25N., 


It has been stated by Anson and Mirsky (/oc. cit.) that ‘*globin’’ prepared 
by the method ot Sehulz (loc. cit.) yields haemoglobin on treatment of its 
alkaline solution with reduced alkaline haematin and subsequent neutralization. 
It seemed desirable to examine whether the denaturation during the preparation 
of such denatured globin is quantitative. A solution of denatured globin was 
prepared by this method from horse corpuscles, using alcohol to inhibit the 
protective action of the protein on the pigment. A small amount was made 
alkaline with sodium carbonate and a little haematin in dilute sodium carbonate 
solution added. After reduction with alkaline ferrous tartrate and aeration the 
spectrum of oxyhaemoglobin could be faintly but quite definitely seen. Another 
sample of this solution was carefully neutralized and filtered. The filtrate 
showed no detectable trace of globin. On dissolving a little of the moist pre- 
cipitate in dilute sodium carbonate, and proceeding as before, a little oxyhaemo- 
globin was obtained. The solution was shown to be free from methaemoglobin 
by submitting a sample to reduction and aeration in alkaline solution, but 
without the addition of any haematin. In the ease of guinea-pig denatured 
vlobin the results obtained on similar lines were more striking. Although the 
solution contained ether, alcohol, and some hydrochloric acid a very readily 
detectable amount of globin remained undenatured after four days at 15°C. 
In the absence of quantitative determinations such observations might deceive, 
as some 5% of the globin was still in the native state. In one experiment with 
ox blood the neutral filtrate from the precipitated denatured globin, was found 
to be free from methaemoglobin but to contain a small but definite amount of 
¢lobin. 

In these experiments the solution remained alkaline throughout after 
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addition of the haematin. Whenever, as in the preparation of globin, a soluti: 
containing both it and denatured globin was neutralized the precipitate of 
latter was found to have associated with it a considerable amount of the form 
This precipitate was generally stirred up in distilled water and refiltered, wi) 
a view to obtaining more globin for additional experiments. To remove globi 
completely from denatured globin by simple washing of the latter was found 1 
be a fairly lengthy process, but by the use of a considerable amount of wat 
it could be accomplished. As in Hill and Holden’s (1) experiments, wheney 
rigorous precautions were taken to remove all the globin from a sample 
denatured globin, the latter invariably failed to yield any haemoglobin © 
oxvyhaemoglobin, whatever treatment was applied. 

It cannot be emphasized too strongly that, in view of the difficulty o 
obtaining a complete separation of a denatured protein from traces of its origina! 
native protein any statement concerning the reversibility of protein denatura 
tion should be supported by (1) precise experimental details, (2) a rigorous 


proof that at one period of the experiment the amount of native protein remain 
ing was less than a certain quantity, (3) proof that at a subsequent period thi 
amount of native protein present had increased to a quantity adequately outside 
the limits of experimental error. 


DISCUSSION. 
The various observations of workers on haemoglobin derivatives would seein 
capable of the following synthesis: 
Globin is a native protein comparable in some respects with the seriun 
albumins. Within suitable hydrogen-ion and temperature limits it is moderately 


stable. Within other, narrower limits of hydrogen-ion concentration it can 


combine with haematin to form methaemoglobin, reduced haematin (haem or 
hem) to form haemoglobin, and with certain porphyrins to form in each case 
compounds of definite composition. In the ease of the iron containing pigments. 
at least, the dissociation at physiological degrees of alkalinity is negligible. 
Under any condition under which it ean still exist it may act as a protective 
colloid for an otherwise insoluble substance. It may itself be so firmly associated 
with a bulky insoluble precipitate, whether by adsorption or some other 
mechanism, that it can only be removed by extremely prolonged washing. 
Globin is very readily converted into denatured globin, i.e., the ‘‘globin’’ formed 
by any modification of the method of Sehulz, by acids, alkalies, or organic 
solvents. The denaturation by acid is the least quantitative, particularly in the 
eold. Globin and denatured globin are not readily quantitatively separated, 
particularly if haematin is present, and tend at the iso-eleetrice point of the latter 
to remain dissolved or become precipitated together according to circumstances 
at present not thoroughly understood. but in which relative concentrations and 
the amount of salts present undoubtedly exert the chief influences. If some 
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oxvyhaemoglobin is converted into acid haematin, and neutralized immediately, 
the precipitate may contain up to 50‘ of methaemoglobin, which is only very 
slowly redissolved, especially in the presence of salts. 

In Hill’s (9) experiments he makes it clear that the precipitate of **haemo- 
chromogen’’ obtained contained a proportion of globin, but that the high 
hydroxyl ion concentration inhibited the combination with the reduced haematin 
while favouring the combination of the latter with the portion of the protein 
denatured by the alkali. No reduced haematin was visible because sufficient 
protein was denatured to combine with all the reduced haematin present. Only 
17‘. denaturation would be necessary. On decreasing the hydroxyl ion con- 
centration the haemochromogen dissociated and the haemoglobin was reformed. 

On the acid side, above a certain hydrogen ion concentration the combination 
with haematin to form methaemoglobin is inhibited, and ‘‘acid haematin’’ 
results, although only part of the globin may be denatured. Wu and Lin’s (loc. 
cit.) **pseudo-denaturation’’ is the simple dissociation of methaemoglobin into 
haematin and globin, the latter still acting as a protective colloid to the former. 
Their ‘‘oxyhaematin’’ is haematin protected by denatured globin in acid 
solution. As they observe, such a temporary dissociation of the pigment from 
the protein has no necessary connection with the denaturation of other proteins. 
To the extent that denaturation can be avoided the dissociation of methaemo- 
vlobin is reversible, as Hill and Holden showed, “by removing the agent respon- 
sible for dissociation. The determinations of the specific rotations and the 
quantitative behaviour of globin and of denatured globin with respect to reduced 
haematin would seem to show that they are two separate proteins. The former 
is easily converted into the latter, but the reverse problem still invites attention. 
Three criteria in considering any proposed solution might be : 


(1) The solubility of the ‘‘re-natured’’ protein at P.h. 8-0 in the presence 


of 20% ammonium sulphate at 15°C. 
(2) Its specific rotation in neutral solution. 
(3) Its quantitative relationships with haematin. 

The authors desire to acknowledge very gratefully their debt to the Professor 
of Physiology in the University of Melbourne for the loan of a_ spectro- 
photometer. 

They also desire to point out that much of the interpretation of the various 
data available became clear through discussion with Mr. R. Hill. To Dr. Wu 
they are indebted for a reprint of his paper. 


SUMMARY. 
The chemical equivalent of globin is the same as that of globin in natural 
oxvhaemoglobin. 
The specific rotations of horse and of ox globins differ from those of the 
corresponding denatured globins. 
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Denatured globin freshly prepared by the Schulz method often contain 
small amount of globin. 

The combination between denatured globin and reduced haematin 
investigated quantitatively. 
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INTRODUCTION. 

In recent years extensive investigations have been carried out in order to 
determine the composition of the soil flora. This flora is known to be composed 
of different groups of organisms, amongst which we find the fungi, actino- 
myecetes, and bacteria well represented. 

Most of the work upon the soil fungi has been undertaken from the 
systematic point of view, and it is only comparatively recently that the number 
of such organisms present in the soil has been considered. The isolation of 
fungi by Oudemans and Koning (13) in Holland, Dale (5) in England, and 
Jensen (11) in America, were made with the idea of determining the types of 
fungi present in the soil. Other workers, in dealing with certain groups of 
fungi, have examined the soil species. The Mucorini were deseribed by Hagem 

10) and Lendner, while Thom (17) and Sopp (15) worked on the Penicilliums. 
During the last year a summary of the fungi which have been definitely recorded 
from the soil has been made by Gilman and Abbott (8). Numerical estimations 
of the soil fungi have been made by Takahashi (16), Waksman (19), and others, 
while summaries of the information obtained have been given by Russell (14) 
and Waksman (19). The progress of work on the soil actinomycetes and 
bacteria is also recorded in the two latter works. 

It is well known that the numbers of protozoa and bacteria in the soil 
exhibit a definite seasonal rhythm, and it is thought that the same may be true 
of fungi, since Brierley (1) has obtained results at Rothamsted which appear to 
mark a clear seasonal rhythm in the numbers of fungi present. 

Differences in the species of fungi found in different soils have been claimed 
by Hagem (10) for the Mucors, and in forest soils Waksman (14) found a few 
species of Mucor but many Pencilliums and Trichodermas, while orchard soils 
contained numerous Mucors and a few Penicilliums. In contrast to these results, 
Goddard (9) ‘and Werkenthin (20) have found a similar characteristic fungal 
flora for all types of soil examined. 
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AIM AND METHODS. 

All the work so far done has been restricted to the Northern Hemisphere 
and it was thought that an examination of the soil types in the southern regions 
would be of interest. 

In the following investigation the composition of the fungal flora was 
examined and compared in cultivated soil and virgin bush soil of the Siluria: 
area in close promixity to Melbourne. As the readings extended over the greate: 
part of one year, seasonal variations were looked for both in respeet to th: 
numbers of fungi and actinomycetes and bacteria appearing on the plates, and 
also in the types of fungi making up the soil population. 

It was hoped that a parallel set of readings could have been made for th: 
Tertiary sands, but the labour involved was too great for the time at my disposal 
Hlowever, this flora is at present under observation, and, it is hoped, will form 
the subject of a further contribution. 

The cultivated soil was obtained from an orchard at Ringwood, near 
Melbourne. No fertilizer other than stable manure had been put into the soil 
during the vears of cultivation. The soil sample was taken from beneath the 
same apple tree each month. 

The bush soil was obtained about 300 yards from the orchard. The land 
was in the natural state, and supported a xerophilous woodland type of 
vegetation. 

Samples of soil were taken during the vear 1927, from Mareh till October, 
and during February and Mareh, 1928. 


METHOD OF SAMPLING. 

The soil auger was well sterilized with absolute alcohol before using, and 
then the casing sunk in the ground for a depth of eight to nine inches. 

When the soil was dry, as, for example, in the beginning of 1927, the auger 
was serewed down to obtain the soil; but later it was found that on withdrawing 
the casing from the ground the soil could be brought up intact. 

The soil samples were placed in boxes (sterilized by dry heat) and taken 
to the laboratory. 

METHOD OF PLATING. 

For each type of soil the following process was used to obtain the dilute 
solution with which to inoculate the plates. 

The soil was well mixed by shaking in a glass evlinder, and 10 ems. weighed 
out and placed in a bottle containing 100 ce. of sterile distilled water. This 
process was carried out with as little air contamination as possible. The solution 
obtained was shaken to a metronome working at 100 beats per minute for ten 
minutes. When shaken, a sterile pipette was used to draw off 50 ce. of the 
solution, and this was placed in a bottie containing 50 ce. of sterile distilled 
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water. The bottle was then shaken for nine minutes, and the above process 
repeated until twelve bottles had been used. The amount of shaking was to 
ensure the separation of spore masses and mycelium, and its duration diminished 
with the process of dilution. 

The ultimate dilution obtained was 1/20480 and 1 ce. portions were 
pipetted into sterile petri dishes. The agar was then added when sufficiently 
cool, and the dishes moved with a circular motion to ensure mixing. On setting, 
the plates were incubated at 25°C. 

The medium used was Brown’s synthetic potato agar. It was found that 
the organisms did not overrun the plates, and the counting was facilitated with 
this medium. The bacteria became so numerous on the orchard plates that from 
the second samplings onwards the medium was acidified. The acidity of the 
medium was determined by Gillespie’s drop ratio method (3), and normal 
sulphurie acid was added to the medium to bring the acidity to PH = 4:6 

recommended by Brierley). Brom. phenol blue was the indicator used. 


METHOD OF COUNTING AND ISOLATION. 


After incubation at 25°C. for two days, the counts were made for the first 
time. The plate to be counted was inverted and examined under the low power 
of the microscope. Each colony was spotted with ink, and the total number of 
fungi, actinomycetes, and bacteria recorded. 

The mean values for these sets of plates were then found, and the probable 
error of the mean determined according to the formula: 

P.E. of Mean = = 6745 
where c= Standard Deviation, 
n= Number of Plates. 
Since the number of plates was only ten, the value for the standard deviation 
had to be corrected (7). 

Certain of the fungi were isolated and transferred to Czapek slopes before 
contamination from the other colonies could take place. <A_ selection of the 
fungi from each set of samples was isolated and kept for examination. 


RESULTS OF SAMPLINGS. 


Figures represent the mean number of organisms per plate. 


Sample Type of 
No. Date. Soil. Fungi. Actinomyeetes. Bacteria. 
I 27-3-27 B. 26.1 + 0.89 9.62 0.14 20.62 0.92 
QO. 12.8 + 1.87 39.82 5.44 239.2 + 79.45 
IT 24-4-27 B. , 5-420.47 2.62 0.99 3.0+ 0.39 
QO. 20.6 + 1.30 0 209.6 + 15.15 
ITI 11-5-27* B. 33.8 + 1.35 9.0 1.53 31.562 4.35 
QO. 93.2 + 6.48 16.82 1.77 71.22% 4.21 
IV 30-6-27 B. 35.1 + 6.30 9.7 2.9 10.32 3.48 
oO. 24.9 + 1.30 21.22 2.61 132.3+ 9.64 
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Sample Type of 

No. Date. Soil Fungi. Actinomycetes. Bacteria. 
V 21-7-27 B. 36.1 + 1.76 54.92% 3.55 1.4 & 3.38 
O. 61.5 + 1.99 $87.12 3.61 19.52 3.01 
Vi 7-8-27 B. 58.9 + 0.814 48.22+~ 1.44 24.52 1.85 
° O. 51.6 + 1.29 65.9 + 3.09 47.56% 38.75 
VII 31-8-27 B. 8.1+0.98 31.32 2.83 23.5 2.10 
O. 20.4 + 0.91 20.9 + 10.86 6.1+ 0.89 
VIII 28-9-27 B. 32.0 + 1.72 5.22+ 0.68 25.32% 5.72 
0. 931.3 + 1.22 22.9+ 4.09 33.42 5.00 
1X 26-10-27 B. 21.7 + 1.0] 55.52 5.98 88.3+ 7.20 
O. 32.9 + 0.97 7.7 = 2.@ 4.2 1.87 
X 26-2-28 RB. 33.6 + 1.86 17.42% 4.91 16.8 + 1.05 
O. 29.3 + 2.54 74.02% 2.48 89.64 7.64 
XI 31-3-28 B. 54.9 + 2.58 53.12 2.53 10.0+> 0.56 
O~. 49.2 +1.01 35.32 2.7 i.e 1.98 


* Owing to the bacteria being so numerous in the previous orchard isolations, the medium 
from this date onward was made up to Py;=4.6. This prevented a certain number of bacteria 
from developing and allowed the fungal colonies to be counted readily. 

B.—Bush soil; O.—Orehard soil. 

In the first sample the orchard plates were seen to have a greater develop- 
ment of Mucors, while the majority of the bush fungi were of the Penicillia! 
type. Examination of sample 6 showed a greater number of mucor colonies than 
previously found, and counts were made. The average number of Mucor colonies 
per plate was: Bush soil, 0-3; orchard soil, 6-9. The bush soil plates showed 
quite a different appearance, owing to the Penicilliums present (see plates A 
and B). Comparing the counts obtained in March, 1927, with those obtained 
in March, 1928, it is seen that the fungi and actinomycetes were more numerous 
early in 1928. As the medium was acidified after May, 1927, the numbers of 
bacteria found in March of each year are not comparable. 

DISCUSSION OF RESULTS. 

The numbers of fungi and other organisms were plotted for each reading 
observed, and thus the variations could be more readily compared. The neces- 
sary figures for the total monthly rainfall and minimum temperature reading 
for each month were obtained from the Meteorological Bureau. The charts 
obtained when these readings were plotted for the months were applied to the 
curves obtained for the organisms. (See figures 1 and 2. 


VARIATIONS IN NUMBERS OF ORGANISMS. 


A. Fungi. Bush Soil. From the curve it can be seen that a minimum read- 
ing occurred in April, and then there was a rise up till August, when the 
maximum count was recorded. A second minimum followed on this at the end 
of August. It is possible that a maximum would appear at the end of March 
as a result of the rise from February to Mareh, 1928. The decline in numbers 
during March and April in 1927 bears out this facet. 
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Fungi. Orchard Soil. A maximum occurred early in May, followed by a 
second smaller maximum. The numbers on the whole were greater in the 
orchard soil. 
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Figure 1. Numbers of Fungal Colonies plotted to show variations for both types of soil, 
together with rainfall and temperature charts, 








3. Actinomycetes. Bush Soil, These actinomycetes show a minimum in 
April, with a gradual rise until July. The fall to the minimum in September 
was gradual, and the maximum probably occurred early in November. 

Actinomycetes. Orchard Soil. The orchard actinomycetes follow a similar 
curve to those in the bush soil, but a maximum occurred early in August. The 
minimum appeared slightly earlier than in the case of the bush soil, and later 
there was a gradual rise, so that probably a maximum occurred late in the year. 
The actinomycetes were more numerous in the orehard soil. 

C. Bacteria. Bush Soil. The use of the acid medium after the second 
isolation reduced the numbers of bacteria counted in the future samples. The 
alteration of the Py, rendered the medium selective; therefore comparative 
purposes the minimum reading in April can be considered to be much lower 
than that actually recorded. There was an increase in May, but the maximum 
count for the months was obtained at the end of October. 

Bacteria. Orchard Soil. The maximum reading oeeurred in June, and there 
appears to have been another peak in the following February. 
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COMPARISON OF NUMBERS OF FUNGI 


AND 
WITHIN THE ONE TYPE OF SOIL. 


ACTINOMYCETES 


The balance between the types of organisms present in the one soil is alwa 


changing, as can be seen when the tabulated counts are considered, 
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Numbers of Actinomycetes and 


numbers for both types of soil, together with rainfall and temperature eharts. 


fungi and actinomyecetes for predominance on the plates. 
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Bacteria plotted to show the variations in 


In the orchard soil 


the numbers of both types of organisms showed no significant difference at 


certain times. 


A comparison of the curves obtained for the fungi and actino- 


mycetes in the one type of soil shows that in the bush soil, although the minima 
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oceurred in April for both types of organisms, the maxima did not correspond, 
the fungi being later than the actinomycetes. In the orchard soil the fungi 
reached a maximum in May, while the actinomycetes followed the same curve as 
the bush forms. The later portions of the curves are alike for both organisms. 
The similarity between the bush fungi and both types of actinomycetes in their 
variations points to the facet that there are definite factors influencing the 
growth and sporing of the forms at certain periods. 


INFLUENCE OF VARIATIONS IN SOIL MOISTURE AND 
TEMPERATURE DURING SAMPLING PERIOD. 


The charts obtained for the rainfall and temperature can be seen in figures 
land 2. The driest period was found to be April, while June was the coldest 
and driest of the winter months 

It seems significant that coincident with the dry April the numbers of all 
the organisms were at a low level. The rainfall in May appears to have acceler- 
ated growth and reproduction, giving a rise in the numbers of organisms counted. 
In each case this rise was more pronounced in the orchard soil. During June 
the numbers of actinomycetes and bush fungi remained at a standstill, while 
the orchard fungi decreased and bacteria increased. The dormant state during 
June may be taken as due to the low temperature and rainfall recorded. 

At the isolations during July and August considerable increases were found 
for all the organisms, probably as a result of the increase in rainfall during 
these months. The rise in temperature during October, combined with the high 
rainfall, again produced increases in numbers. The fact that in the year 1928 
February had far more rainfall than in the preceding year probably accounts 
for the higher readings observed. The variations obtained in the numbers of 
organisms therefore appear to bear a relation to the rainfall and temperature, 
particularly to the former. This is in contrast to the results obtained by Brown 
and Halversen (2), who hold that there was no apparent effect of temperature, 
moisture, and soil treatment on the moulds in the soil. The rainfall and temper- 
ature readings each vear show, on the average, the same fluctuations as were 
observed during 1927. It seems quite possible that the variations would give 
rise to a seasonal fluctuation in the numbers of organisms counted. 


INFLUENCE OF CULTIVATION. 

It can be seen that the curves for the fungi and actmomycetes do not have 
such well-defined maxima in the bush soil as compared with the orehard soil. 
The differences in the structure of the two soils may account for the different 
behaviour of the organisms. 

The orchard soil, as a result of cultivation, was looser and better aerated 
than the uncultivated soil, and so was capable of supporting a larger fungal 
flora. The numbers of fungal colonies in the orehard soil were found to be 
more numerous than those from the bush soil at most of the samplings. The 
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orchard soil would become moistened more readily and would dry out mor 
rapidly than the bush soil. The temperature variations would show greate 
fluctuations in the loose aerated soil. These factors would tend to brine abou 
the larger variations in the orchard organisms. 
FUNGI ISOLATED FROM THE PLATES. 

Below are listed the genera of the soil fungi which have been isolated. Th 
time available did not permit the determination of many of the species. Certai: 
of the forms were not placed in their genera, and a note is made later concerning 


them. 
Sample 
No. Soil, Phycomycetes, Ascomycetes, Fungi Imperfecti. 
] O. Mucor (6)* Chaetomium Penicillium (2), Fusarium (2) 


Alternaria, Macrosporium 
Acrostalagmus (cinnabarinus Corda 
Pestalozzia, Cocecospora 

B. Chaetominm Penicillium (7), Papulospora 

I] oO. Mueor (6) Penicillium (4), Oidium, Fusarium 

Trichoderma, Trichocladium 
Alternaria 

B. Penicillium (10), Macrosporium (2 
Alternaria, Camposporium 
Colletotrichum, Fusarium 


III O. Mucor Sporotrichum, Oidium 
Monilial type 
B. Mortierella Penicillium (2), Trichoderma 
IV Q. Mueor (3) Penicillium (3) 


Aspergillus (Flavus-oryzae group) 
Fusarium, Monilia 
Macrosporium, Trichoderma 

B. Absidia Penicillium (6) 
Aspergillus (fumigatus group) 
Fusarium 


V O. Cladosporium 
B. Penicillium (3), Spicaria 
B. Mucor (3) Trichoderma 
VI O. Penicillium (4) 
VII QO. Mortierella Penicillium (4) 


Aspergillus (candidus group) 
Fusarium, Acrocylindrium (2) 
Helminthosporium 

B. Penicillium (2), Trichoderma (2) 
Acrostalagmus (cinnabarinus Corda ) 


VIIl O. Chaetomium Acrostalagmus, Dieyvma 
Sphaeronemella, Fusarium 
B. Penicillium (2), Fusarium (2) 
IX O. Spicaria, Amblvosporium 
Penicillium 
B. (Plectomyeete) Penicillium (2), Fusarium, Pestalozzia 


Acrostalagmus (cinnabarinus 
Corda) (2) 


X 0. Penicillium (3), Acrostalagmus 
B. Mucor Penicillium, Trichoderma 
XI O. Absidia Stachybotrys, Trichoderma 
B. Trichoderma (2), Alternaria 


Numerals refer to the number of times found, 
O.=Orchard soil; B.—Bush soil. 
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In addition to these listed genera, a few sterile forms were isolated, and a 
group of fungi, consisting of three distinet species, were taken from samples I, 
ll, V, Vi, and VIII, to which no existing generic name seemed applicable. 

At the time a paper was published on the genus Nigrospora by Mason (12), 
in Which reference was made to Basisporium gallarum (Dale) and Mycogone 
nigra (Jensen). As the forms isolated seemed to bear some resemblance to the 
written descriptions of the fungi, a subeulture of one of them was sent to Mason 
for examination. 

It was reported that the fungus submitted resembled in many points Basi- 
sportum gallarum (Date), a subculture of which was forwarded from the Central 
Bureau. The descriptions of Mycogone nigra (Jensen) appeared to bear points 
of resemblance to the fungus, but no culture was available at Cornell. 

Mason is of the opinion that WMycogone nigra (Jensen) is not a true 
Vycogone, and that B. gallarum (Dale) is not Basisporium gallarum (Molliard), 
nor, indeed, a true Basisporium. 

It seems possible that the forms isolated by Dale and Jensen are similar, 
and certainly one of the Victorian isolations is identical with the culture of 
B. gallarum (Dale), which was received. 

The other two fungi are similar to, and would appear to be congeneri¢ with, 
the above form, and differ appreciably from one another in spore, size, and shape. 

The Fungi Imperfecti were the best represented of the groups of fungi, 
and included a wide range of genera. It was realized that most of the genera 
had been recorded by other workers as occurring in the soil (8). The genera 
were not restricted to the one type of soil, but certain of them were more 
abundant in one or other of the soils. 

The majority of the bush forms were Penicillia, while the orchard soil 
contained numerous Muecors at certain times of the year. The variations in 
numbers of Mucors counted in some of the samples showed that there are 
certain periods of the vear when definite groups are more abundant than at 
other times. 

SUMMARY OF CONCLUSIONS. 

1. When the mean numbers of fungi and actinomycetes are plotted from 
month to month the curves appear to follow the rainfall variations more or less 
closely. 

2. The temperature appears also to exert a slight influence in the coldest 
month by hindering growth and reproduction. 

3. The maximum counts in the majority of cases occurred in the early 
autumn and early spring months. 

4. The difference between the curves for the organisms present in orchard 
soil as compared with the bush soil can be ascribed to the soil structural 
differences. 

». The balance between the types of organisms in the soils appears to change 
from month to month. 
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6. The genera isolated appear to be the same as those found in the northern 


regions. 


7. Types such as the Mucors appear to show fluctuations in their numbers 


during the year. 


The work was carried out in the Melbourne University Botanical Depart 


ment, while holding the Howitt Scholarship in Botany for 1927 and Fina! 


Honours Scholarship, 1928. 


wish to take the opportunity of thanking Dr. E. McLennan for suggesting 


the lines of investigation and for much advice and assistance throughout the 


work ; also Professor Ewart for helpful criticism and encouragement. 
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\ TYPE OF HYDROGEN ELECTRODE VESSEL USE- 
FUL FOR SOLUTIONS OF HIGH RESISTANCE 


by 


R. J. BEST 
(From the Department of Chemistry, University of Adelaide). 
(Submitted for publication 14th June, 1928.) 


During the course of investigations carried out in this laboratory, the author 
found it necessary to determine the hydrogen-ion concentration of solutions of 
high resistance. For these solutions the usual type of hydrogen electrode vessel 
in which contact is made with the other half-element through a salt bridge by 


means of a side tube containing a closed tap, was found to be unsatisfactory. 
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The resistance offered to the passage cf the current by the long column o! 
liquid of low conductivity in the connecting arm militated against precis 
measurement. The electrode vessel to be deseribed was devised to overcony 
this difficulty. As it has been used for nearly two years with entire satisfac 
tion, it seems probable that it may prove to be useful to others. 

The dimensions of the vessels may, of course, be varied to suit require 
ments. The measurements given below apply to a size which has been found 
to be very convenient. 

The vessel, A (figure 1), containing the experimental liquid, is about 
9-5 ems. long, and has a diameter of about 2 ems. at the top. It is shaped at 
the lower end so as to be workable with a minimum amount of solution, about 
) ec. being a convenient quantity for this vessel. The hydrogen is admitted 
through the tube B, and enters the liquid through a fine-jet C, which is drawn 
out so as to supply a steady stream of reasonably small gas bubbles to the 
solution. The hydrogen escapes from the vessel through a small trap JD, 
connected to the side tube E. 
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Fig. 2. 


The rubber stopper F is bored with two holes; one, K, carries the platinized 
platinum electrode G (1 em. x } em.), the other, L, carries the connecting tube 
H, represented in figure 2. This tube is filled with a 3% agar gel made up 
with saturated potassium chloride solution, and serves to connect the solution 
in A with the other half element through a middle vessel containing a saturated 
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solution of KCl to eliminate liquid junction potentials. If a different solution 
is used in the middle vessel, then the agar is made up with this solution instead 
of with saturated KCl. 

While the electrode is coming to equilibrium the hole L is closed by a small 
rubber stopper. Just prior to taking the reading the tube II is placed into 
position, so that the rubber stopper M, which is permanently attached to HL, 
fits into L, and the ends of the tube make contact with the solution in A on the 
one hand and with the middle vessel on the other. The tube should be placed 
fairly close to the platinum electrode. For most purposes Hl may be inserted 
at the outset, but there is a slight diffusion of KCl from H into the solution in 
A, which is reduced to a minimum by the above procedure. In any case, unless 
left for a considerable time this diffusion is not sufficiently marked to cause a 
measurable difference. The solutions in A and the middle vessel should be at 
the same level. It will be seen that the whole is so constructed that it may be 
introduced into a thermostat. 

A smaller vessel, of such size as to be workable with 3 ec. of solution, has 
also been used with success. In this case the tube H passes directly through the 
hole L, as the stopper F is not wide enough to carry a bung such as M. 

On account of the small volume of solution used, and the type of platinum 
coating, this electrode attains equilibrium quickly, usually in about five minutes. 
It has in consequence been found very useful where the bubbling type of elee- 
trode is applicable, not only for solutions of low conductivity, but also for those 
solutions which can be used in the ordinary type of electrode vessel. It is also 
very convenient to use as a quick and accurate check on the standard solutions 
used in connection with a quinhydrone electrode and also in conjunction with 
this electrode, a determination being possible in from five to ten minutes. 

The method by which the platinum electrode is plated is an important 
factor in determining the rate at which equilibrium is attained. The literature 
abounds in references to methods of plating electrodes. Some advocate the 
use of lead acetate in the platinizing solution to obtain a coherent coating of 
platinum black, whilst others condemn its use as giving incorrect results. Some 
advocate a heavy black coating, and others recommend a coat produced by 
plating for a few minutes only. It is probable that each form of deposit is 
suited to the particular type of solution investigated at the time, and that 
different types of solution require different treatment. The following method 
of plating was found to give an efficient electrode. 

The electrode to be plated is placed, together with a permanent dummy 
electrode, into a platinizing solution of pure chloroplatinie acid (0-5% with 
respect to Pt.). A current of about 0-05 ampere, drawn from a lead aeccumu- 
lator, is switched on for 10 seconds. The deposit so obtained is just sufficient 
to mask the metallie lustre, and is easily and efficiently washed by playing a 
jet of water from a wash-bottle on to it. After each determination the deposit 





236 R. J. BEST 


of platinum black is dissolved off by a warm solution of aqua regia diluted wit 
an equal quantity of water, care being taken to avoid ‘‘ pitting’’ the eleetrod 
It is then washed, and is replated just prior to being used. Once the platinizi: 
and cleaning apparatus has been set up this becomes an easy and a quick proces 

The accuracy of the readings obtained depends on the nature of the soluti: 
tested, as is the case with all measurements with the hydrogen electrode. Thi 
sensitiveness of the apparatus used was such that the point of balance on t! 
potentiometer could be ascertained to within a tenth of a milli-volt when workin 
with a solution of as low a conductivity as 10—° mhos. 

The author wishes to express his indebtedness to the Council of the Univer- 
sity of Adelaide for a grant which enabled him to carry out the research during 


the course of which this apparatus was designed. 











